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INTRODUCTION 


This paper, which describes the milling practice of the. Verde Central 
Mines, Inc., is one of a series on milling methods and costs being prepared by 
vic United States Bureau of Mines. . 


GENERAL DESCRIPTION 
Ths Verde Central concentrator is located in Walnut Gulch, about 1 
mile west of Jerome, Ariz., and on the Jerome-Prescott highway. It is about 
1,000 feet distant from the main shaft of the Verde Central mine and treats ore 
from this mine only. The mill is connected with the main shaft of the mine by 


a 24—inch gage railway, over which the ore is hauled in 5~cubic yard eae 
rocizer, side-dump cars, by a 3ton Brookville gasoline locomotive. 


The concentrator was designed to treat 250 tons of ore per day, but 
since the installation of a Symons cone crusher and two additional flotation 
cells it has been handling 400 tons per day. 


The concentrates produced are hauled by truck to the Verde Tunnel and 
Smelter Railway, 2 miles distant, for shipment to the United Verde Extension 
Smelter at Clemenceau. 


‘Water for milling purposes is obtained from the mine. Power is 
purchased from the Arizona Power Coe at 65,000 volts, and this voltage is re- 
duced to 440 for use in the concentrator. Two power circuits to the plant have 
been provided by the Arizona Fower Coe; one from Prescott, and the other from 
Tapco; this provision has reduced to a minimm delays due to lack of power. 


1 The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6489." 

> One of the consulting engineers, U. S. Bureau of Mines, and manager, Verde 


Central Mines, Inc. 
3 One of the consulting engineers, U. S. Bureau of Mines, and mill superintend- 
ent, Verde Central Mines, Inc. 
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Figure 1. Ground plan of  centrator plant 
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Figure 2.--General flow sheet of the concentrator 
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Ore is delivered from the coarse-ore bin to & grizzly with 33-inch 
openings. The oversize is crusaed to 2}—inch size by a 12 by 24 inch Allis- 
Chalmers Blexe-type crusher thich is equinned. with manganese-steel jaws and 
cheel: plates. The crushed product and tne undersize of the grizzly join end 
are conveyed to a No. 3 coarse Symons cone crusner by. a 16-inch conveyor belt. 
A stationary electromagnet is suspended over this conveyor for the removal of 


tram) iron. 


The Symons crusher reduces the 3-inch feed to 5/8-inch size but must 
ve reset twice daily, at 7 a.m. and 7 ».m., in order to maintain the ».roduct 
at this size. The crushing surfaces are of ienganese steel; o mantle lasts 
evout 4¢ days and a bowl liner about 3O days. This machine as a Sreater 
eevoacity than the other machines of the crushing circuit unless the ore con- 
tains an unusual emount of wet fine material. On the recomuendation of the 
manufacturer, a 60-hp. slip-ring motor was installed to overate the Symons 
crusher, but tests show an average load of 35-hp. with a maximum load of 
47-hp. vhen it hendles 30 tons of ore ner hour. The product of the cone 
crusher vasses by gravity to a pucset elevator vhich in turn delivers it to 
2 Hum-mer screen. 


The Hum-iner screen is 48 by GO inches in size and has = by'l inch 
noles. It is installed at a high point in the mill building so that the | 
undersize drops onto a convezor belt wnich carries it to the fine-ore storage 
bin. The oversize falls througi a chute end is fed to a vair of 56 by 24 
inch Allis-Chalmers Anaconda-tyne rolls set 4 inch apart. The rolls onrerate 
in closed circuit vith the Hum-mer screen, the roll vroduct drop-zing into the 
same elevator boot as the cone-crusher product. Rolls shells 56 inches in 
diameter have recently been used and give provortionately longer service as 
commered to the 54-inch shells. As originally operated, the rolls had a 
speed of ll2 r.».m., but this has been reduced to 85:r.p.m., anda the change 
has resulted in less corrugating, less porer consumption, and prLeater 


canac ity. 


The crushing departixent nas se canacity of 25 to 27 tons ver hour. 
Provision is made so that either the cone crusher or the rolls can be elimi- 
nated from the circuit, but operetions under these conditions are reduced in 
efficiency. All machines in the crusning plant are driven by belts. 


| The total cost of crushing during the period June 1 to September 1, 
1930, vas $0.346 per ton of ore handled. This cost was distributed apnroxi- 


mately as follovs: 
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Distribution of expense of crusaing Per von of ore 
OQverating labor for entire crushing olent 30.087 
Jaw crusher: | 

Renair labor .........4.. aisha ene ee ee ~ 003 

SU DL LSS: we ve eis ete etree dara vaicailee Svatesbuee 0s ~Ole 
Cone crusner: | 

Rene in Jaber 4 sac vas adieusercaioem eins 007 

Supilies ....... Meee aGrnd sha sd eee ame ~ O48 
Rolls: | 

Renair LaAvor 4.66 esses eaeas Seo teeters 010 

DUDDL LES: s.s1ksise se wea weeds 5.476 a ee O61 
MASCELILANCOUS™ cecccrccrccccercccncesseens 034 


Pover, including the norer used by con- 
veyors, elevators, Lum-mer screen and 


dust ran oeeeveeen @eeoeeeveee eevee eevee eve oeee : ~O7F 
Total eoeeeeee eeeee0aee04e80e8e0 0 @eeeeeaeseenveeeeee @ e . 3 G.246 


1 ZIncludes resair voriz done on conveyors, ‘Glevator, Dan 
feeder, and Hum-mer screen. 


Iuaintenance of crushiug :zacninery 


The larger nieces of ore »roduced by the shriniage-stone imetaoa of 
mining taize a heaviy toll from the jav crusner. Fixed and swing jaw imanganese- 
steel »lates last four and six veeiss, resnectively. The pititan cao and the 
lover half of the nitinan are changed and revabbitted every three months. Roll 
shells handle 35, 000 to 42,000 tons of ore vefore being discarded. Corruzat- 
ing of the roll ahelie is reduced by fleeting one roll daily. Flanging occurs 
on the shells, but these flanges can be reszoved by a torch in -bout one nour 
and thirty-five minutes. 


Tae cone crusner is lubricated by a force-feed syste, tue ofl mm 
being direct connected to the drive. The checi:ing of oil is an invortant iter 
in the overation of this wachine; the emount or oil in the reservoir is ceter- 
mined each day and recorded on the dailv shift revort. <A sight-oil feed on 
the machine is used to chec.: the overation of the oil DUNID. 


The liners of the cone crusner ere iasnected ae in order to be 
orepared when a change of liner is requircd. The changing of a liner is done 
in four hours by a crer of five men elthnovgh a smaller crew could do this vor: 
if time were not a vitel factor. In maxing this change the belt, feed nonner, 
and feeder slate must ve removed before re:oval of the bowl casting. The old 
bowl liner is then detached and a new one bolted and zinced into place. ‘The 
adjusting threads are cleaned and the machine assembled. A viece of lead is 
used to test the size of opening and after final adjustments are mede the 
machine is ready for oneration. If the iantle is to be reslaced, the boul 
assembly is rexoved, after which the shaft head and mantle are removed. A 
spare shaft and head, vith mantle zinced in nlace, are then put in »vosition 
and the machine asserbled. A 5-ton canacity chain block with a crawl is 
mounted over and serves the cone crusher. 
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The fine-ore storaze din is a cireilar wooden tan: 20 feet in 
dicnetor by 16 feet high. It is maze of Donzlas fir wita sides of S-inch 
stoves and bottom of 12 by 12 inch timbers. It is eoulored vith drun feeders 
vhicn feed the ore to a conveyor, which in turn celivers it to the scoop 
boxes of the bali mills. The ore is weivhel by a Merric!: weightometer 
enroute to the zrinding mills. 


Grinding is done by tro %-foot by 56-inch Hardinge ball wills 
arranzod in ncrallel and each operated in closed circuit rith a 6 by <6 Poot 
Dorr classifier. The wilis are overated ot ¢ sveed of 15 r.o.m. Cast-iron 
balls, 5-inch size, made by the Caniteal Foundry or Phoenix are used, the re- 
Mlacenents anounting to 175 balls ner day ner mill. Uxveriacnts with 33-inch 
and 4-inceh forged chrone=~steel balls indicated that they rere more ex vensive 
wer ton of ore ground than cast-iron balls. Liners are also of white cast 
iron, and tests using menganese-steel redge bars and liners indicated that 
elinouga the steel liner lasted longer than one made of rhite iron it vas 
more exoensive ver toa of cre ground. Liner consumotion in terms of pounds 
of Liacr consumed per ton of ore ground is not available, but the cost of 
liner rear over a three months! veriod axounted to $0.01 ver ton of ore 
ground. The slow opereting speed of the grinding wills reduces the wear on 
liners to a minimum. 


The clessifiers are considered and onercted as a  vart of the grind- 
ing circuit. The raze sneeds are 27 stroxes ner minute. Reikes formerly used 
were 3 inches deen but these rere revlaced with others 4 iaches deep, with 
imoroved results. Tue classifier sancs contain 36 mer cent of minus 48-mesh 
imateriel and the classifier overflow solids contain about 4 ner cent of »lus 
48-resh sizes. 


Flotation 


A detailed flow sneet of tae flot:tion circuit is »resented in 
Figure 3. The classifier overflov mulos of tie grinding circuits are treated 
in tvo nrimary MacIntosh flotation cocitnes onerated in parallel and «s 
rouguers. Tne tailings of the tro vrimery iwxchines ere mixed and then dis- 
tributed to two secondary MacIntosh mechiacs clso overated in parallel and 
as roushers. The tailinzs of the secondary roughing machines comprise the 
final vaste vroduct of the concentretor. The concentrates produced by 
primary and sccondary machines are delivered to one MacIntos: cleaver cell 
by a é-inch Wilfley mum. fho cleancr cell vroduces finished concentrc.tes 
and widdlings, rnicn flow by gravity to the heads of the orimery rougher 
cells. All MacIntosh machines are equinned vith 15-foot rotors which revolve 
at a svneed of 138 r.o.-m. ANo. 3 Roots blorer equipyed with Tim'’zen roller 
bearings suonlies air at 3 to 5 pounds moressure. Blanxets used are J3-nly 
and are purchased from the National Filter Co. A blanicet lasts from JO to 
40 days but must be scrubbed every five days. 
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Reagents used comprise lime, xanthate, and vine oil. The lime is 
added to the ball-mill scoop boxes by a Denver dry reagent feeder. Titrations 
are made hourly on vrimary-cell tailings rater in order to control alvalinity 
Woich is maintained at 0.20 pound of CaO ver ton of vater. It has been found 
that a deficiency of lime in the pulp »roduccs a dead froth and causes high 
loss of copoer in the tailings, whereas an excess of lime maices a very, active 
froth and one thet contains a high insoluble content. 


Xanthate in the form of votassium ethyl xanthate is normally used 
but under certain conditions »otassium amyl xanthate is used with beneficial 
results. Xanthate reagents are added to the classifier overflow oulps by a 
Geary reagent feeder as 10-per cent solutions. 


Half of the G. N. S. iio. 5 pine oil used is added to the classifier 
overflow pulns and the other half to the concentrates launders of the cleaner 
flotation cell for tne ourpose of breaing down the froth in the thiciener. 
Most of the wine oil added to the concentrates froth returns to the flotation 
cells with the reclaimed water. 


The amounts of reacsents used ver ton of ore treated follow. 


The primary rougher flotation cells produce concentrates vhich con- 
tain about 15 per ceat of copnver and tailinzs which assay about 0.60 per cent 
of coxoer. The secondary rougher machines reduce the tailings copover content 
to between 0.24 and 0.16 ner cent. ; 


Screen analyses of flotation heeds and tailings for a period of 


eignt cays are given in the tabulation which follors. 


Flotation heads Flotation tailings 


screen size Weignt Conmoer Weight Conner 
mesh ner cent| per cent |] per cent] ver cent 


PLUS: 69 ogee soe 0.37 
Minus 65, pvlus 100.. 41 
Minus 100, olus 150. 215 
Minus 150, plus 200. -l2 
Minus 200 ..ceceeess 23 
Composite ..... ore eck 
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The concentrates grade is taintained as nearly as possible to con- 
form with the following analysis: 


Per cent 
Copper ...... jdhsues 20 
TY OR eters teas Sein 29 
Insoluble ..... ‘ace 15 


When concentrates of lower insoluble content are yroduced or a head 
of higher copoer content is treated the copver content of the tailings in- 
creases. The ideal grade of concentrates is the one most orofitable when 
tonnage, recovery, freight, and smelting charges are considered. 


DEWATERING AND HANDLING CONCENTRATES 


The finished flotation concentrates pulp contains about 30 ver cent 
of solids and flows by gravity to a Dorr thickener which is 24 feet in 
diameter and 3 feet deep. The thickener overflow water passes through a 
small rectangular tanic for final clarification and from there is conveyed to 
the return water sump. The discharge of the thickener contains from 50 to 
70 per cent of solids and flows by gravity to a 6-foot American filter 
equipved witn five disks. 


The filter is operated approximately 9 hours per day. When the 
filter is not operating, the concentrates are stored in the thickener, the 
rakes being raised or lowered to conform to this method of operating. 
Vacuum for the filter is maintained by a 12 by 10 inch Sullivan vacuum pump. 
A barometric standpipe drains the water from the vacuum tanx, and this water 
1s returned to the concentrates thickener by a small centrifugal pump. Very 
fine concentrates accumulate in the tank which handles the discharge water 
of the barometric standpipe. This materiel settles over the inlet pipe and 
is pumped out of the tank intermittently after stirring with a jet of water 
at hich vressure. 


One operator attends to the concentrates thickener, the tailings 
thickener, the filter and the return water pump, and is also available for 
helping to load the concentrates. 


The filter produces about 55 tons of concentrates cake per day, 
which contains 11 per cent of moisture. The concentrates discharge onto a 
conveyor belt which is mounted on a car frame served by a track. The track 
runs over six rectangular bins so that the car can be spotted to discharge 
the filter cake into any one of the bins. Eech bin can hold 5 tons of con- 
centrates and is equipped with an arc gate at the bottom. The contents of 
two bins constitute a load for the Mack truc:: which hauls the concentrates 
to the railroad siding, a distance of 2 miles. The cost of nauling these 
concentrates, including truck repairs, is $0.25 per ton. 
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DE WATIR LG AND DISPOSAL OF TAILINGS 


Final eee from flotation ‘treetnent are conveyed : to a 30 by 8 
foot Dorr thickener through a 5-inch wooden-stave nipe line which is sun orteé2 
on a susocension bridge over. Walmat Creek. The »uly fed to tne thic:ener con- 
tains 21 per cent and the wndérflow palo 55 per cent of solids. Thicler 
underflow »nulns can be proauced, but a pulp of 35 per cent solids vrovides 
sufficient return rater and this consistency is. desired for conveying the 
solids to tne ee eenes. one 

The overflow eaten: fron the ‘tatlings ‘thickener joins the overflow — 
of the concentrates thickener in a concrete sumo ‘and both are returned to the 
wein water-storage tan’ by a motor-driven vump which is controlled by a 
float switch. 

The thickened tailings pulo 1s conveyed for a distance of 2 miles 
to the tailings ».ond by a:launder, -6 by 6 inches inside dimensions, set ona 
4-ner cent grede. This. pond ig. located within an prea vhere there is a mini- 
mum Canger of floods. washing avay the dam.. The dam is formed by discharging 
the -wlp at its fece and draining the water by means of a well which is 
located upstream from the dam. One man maintains.the face of the dam by 
snoveling. New trestles for sun orting. the launder, are built from time to 
time. Water is not returned to the mill from the tailings pond. 


SAMPLING AND METALLURGICAL CONTROL 


Regular daily sartples are. talzen of flotation heads, concentrates, 

and tailings. Automatic samplers .are used for needs and tailings. Tne 
samoler for needs is placed at the junction box rpich receives the overflovs 
from the: two classif iers, gud tue sampler for tailings 4s located on the 
tailings leunder just following the ‘secondary rougher flotation macaoines. 
The sample of concentrates ds talzen by hand as the concentrates pulnd dis- 
Charges into the thickener. -In eddition:- to the samples noted, daily samples 
of concentrates are taken by a pipe sampler from the truck, and svecial 
samples are taken by hand where and when cesired. 


All samples are speoeeea for. analysis. by: ‘the assay office force. 
A pressure filter, wade from a section of 10-inch’ nipe end using compressed 
air from the mine, is used for dewatering sample oulps. The cake nroduced 
by the filter is dried in about <0 minutes in an electric oven. The dried 
Sammles are then broken uw> by forcing them. through an 8-mesh screen, after 
which they are mixed and reduced to tne amounts desired for assay pulps. 
Tests have indicated that for routine assay work no additional grinding of 
samples is necessary. 


9485 2 | ' es 1 tes 


Google 


I. c. 6489 2° 


The head sammnles are assayed for copyer and iron, the Sail 
samoles for copoer and the concentrates samples for copper, irony and insol- 
uble. Routine copper analyses of mine and mill samples aré made by the per- 
manganate method. The pipe samples of concentrates are used for moiature 
determinations and the dried residues ere used for malcing composite samples 
which represent carload shipments. The copner analyses of these composits » 
and also af the control samples received from the smelter are made by a 
modified ooeee method. 


The densities of ball-mill discharge and ii saidens overf low. 
products are determined several times each shift by See a known volume 
of pulp contained in a epecitTGaerev aly bottle. 


Alkalinity determinations are made, on the water of nulnos taken at 
various places in the mill circuit, by titrating with 44) sulphuric. acid solu- 
tion and using phenolphthalein as the indicator. The best metallurgical re- 
sults in flotation treatment are obtained when the water in the »vrimary 
rougners contains 0.2 pound of CaO per ton. 


A screen analysis of the final tailings is made each shift. This 
analysis assists in the operation of the ball mills and classifiers. Screen 
analyses of other products are made when maling snecial tests. 7 


A Minerals Separation subaeration laboratory flotation machine is 
used for test work. 


WATER SUPPLY 


As previously stated, water for mill operations is obtained fran 
the mine. ‘The supply is conserved for future work as much as possible by 
bulkheading crosscuts and plugging diamond-drill holes that show considerable 
water. If additional water is recuired, one or more of these sources is 


tapped. .. 


All pumping of water is done on the graveyard shift when the mine 
compressors are not operating, so as to maintain the electric-power demand as 
uniform as possible over the 24-hour veriod. Water from the mine flows into 

ea small tank of 6,500 gallons capacity from which water is taken for the glands 
of the flotation machines. The overflow from this tanic passes to the main 
concrete storage tank which has a capacity of 250,000 gallons. All reclaimed 
water is vumped directly to this main storage tank. 


The concentrator uses about 144,000 gallons of new water per day. 
The fresh water used is 417 gallons and the reclaimed water 500 gallons per 
ten of ore milled. <As previously stated all reclaimed water is from the Dorr 
thickeners and the filter, and no water is returned from the tailings vond. 
There are no soluble salts in the water supply which are deleterious to 


flotation treatment. 
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OPERATING DETAILS 


The day shift crew comprises 10 men and the other two shifts 6 mea 
eech. The distribution of these crews is es follows. 


Each of the three.shifts is cormoosed of: 


1 Shift boss 
1 Crusher feeder 
. 1 Crusher operator 
1 Ball-mill operator : 
1 Flotation operator 
1 Filter operator | 


On day shift there are the following in addition to the above: 


1 Mill superintendent 
l Repair man 
1 Laborer 
1 Attendent at the tailings dam 


The shift boss is held responsible by the mill sunerintendent for 
the vork of the entire shift. Operators attend to the lubrication or their 
resoective machines and the cleaning of the mill. 


The assay office force consists of an assayer and helper. Samples 
from both mine and mill are handled by these men. 


‘Two roads, one above and the other below the mill, permit the 
delivery of suw>olies by trucis. An inclined tramway is available for deliv- 
ering roll shells, jaw plates and other heavy »varts to the grinding section. 
Grincing balls and lime are dumped into their resvective bins from trucxs 
snotted on the upver road. Balls are conveyed by gravity from tne bin 
through an inclined 5-inch pipe line directly to the suyoly box which is 
located opnosite the discharge ends of the ball mills. Lime, brought into 
the mill in wheelbarrows, is weighed and fed to.the Denver dry-reazent 
feeder each shift. 


All machines are served by overhead hoists and trolleys. The 
grinding section is equinv,ed vith a 2l-foot traveling deam which sunoorts a 
2 ton cavacity Wright high-sveed hoist. The rolls have tro Wright 8 ton 
capacity high-speed hoists which are sus»vended from Wrizht geared trolleys. 
The jaw and cone crushers are served by 2 and 5 ton capacity hoists, 
resvectively, which are operated on trolleys with I beams in turn su o»vorting 
the tracks. The flotation devartment has an overhead trolley and hoist for 
handling flotetion-machine rotors. 


The general machine shoo is located adjacent to the mill building. 
A mechanical department, which serves both mine and mill, tekes care of all 
mill repairs that can not be handled by.the overating crew. 


Table 1 presents metallurgical data for the months of May end June, 
1930. 


9485 oo: VO: ss 


Google 


I. C. 6489 


COSTS 
Table 2 gives a summary of concentrator costs for the period 
June 1, 1929, to Ausust 1, 1950; Table 3 woresents detailed concentrator 
costs for lovember, 1929. 


Table 1.- Metallurgical data for May and June, 1930 


Ore treated .ccceccccssves Abie 2 cates ieraveen modish pees o++eetOns 21,070 
Total operating time ........ccecesoscees roe . days 58 
Ore treated oer 24 hours operating time ....... .. tons 392 
Feed to primary grinding mills ............ eee size minus +-inch 
screen analysis of flotation feed: 

Plus 48 mesh eevevnvene @eoeoevseoeoeenveces per cent : Bed 

Plus 65 mesh ....... ere ee ere do 9.0 

Minus 200 mesh ......ccccceccccvecs do 51.0 
Analyses: . vis 38 

Copper, total in mill feed ........ do = 2.67 

Coponer, total in final tailings .... do 0.20 

Comper in concentrates ............ do | 19.83 

Iron in concentrates ...........06- do 28.9 

Insoluble in concentrates ......... - do 16.1 

Moisture in concentrates .......... do “3 Pel 
Concentration ratio ..csccccsccrcccvscrescs tons into l.:- ; 7.95 
Recovery of con er: 

Calculated from assays ...... seeeee DEY cent 93.3 

Based on weights and assays of feed 

, and concentrates .......eeecevee ° do 93.2 
Cooper shipned ..ceccercccececvees a steneeteet onal pounds 1,050,276 
New water consumption per ton of ore “treated, - gallons 417 
Ball consumption ver ton of ore ..............- younds 3.5 

Table 2.- Summary of concentrator costs for the neriod 

vne..1, 1929 to st 1, 1930 
Ore milled, tons ....... Giant eterecare Ge 139 , 203 


Concentrates produced, tons ......-.. 16,123 


Division of concentrator expense | Power | Labor | Supolies | Total 
Crushing mine ore to +-inch . ie ‘ $ 


Grinding ...... eee eee ee ee ee «37 
CONCONtTAtING swuisinsdsewewetias eae eee 19 
Dewatering and filtering ee ee eee ~05 
Tailings disposal ...-sececsessseens -08 
Miscellaneous ...........-.-. pas auieonons 219 
iP ae poeteesinse ne coutped: $1.26 
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Table 3.~ Detailed concentrator costs ver ton of ore 


milled in November, 1929 


=~ 


Ore treated, (Ol: dv ontaaaseae 11,384 


Division of concentrator ex pense _ ae teas | upplies Total 
¢ « * e + ra 


Crushing to minus + inch... see ceee 
Grinding ......... Torererr err ere eer re Typ 
PLOVGULON: -scnssiieu SU e ta aiaoseeew eo 
Dewatering and filtering. concentrates. 
Thicixening and disposal of tailings .. 


RECLAIM. Pater Sree ose db etelese tek 6 5.8 
New water ...... Terre eT ee eee ees | 
General eX r,enSe o.. creer saee Bea henegeiee 
Renairs to mill building ,............ 
suvervision, including shiftbosses $25 
PSS EY 1’ oho S66. 2.a0 ost ti Oreste eve eee wick 
de PLU LAS: Siw csisrtiwary a ied eae ees ‘tae 
Ware-house exnense ...... re ee res 


Total.. eevee eeeevenevn evnereevrv'se Gee 6 © 8,6 Bee _§0. PASE = 524 $0. 327 $1.192 
Per cent of total ...ccccvsscccevencene me 100.0 
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dunction of classifier overflows 
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Concentrates Tailings _ +Goncentrates Tailings 
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Figure 3.--Detailed flow sheet of the flotation circuit 
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